Objective: Radiofrequency ablation (RFA) is a management alternative for complicated monochorionic twin pregnancies. The purpose of this study is to evaluate risk factors for fetal death after RFA. 
| INTRODUCTION
Monochorionic (MC) twin pregnancies are at increased risk of adverse perinatal outcome. 1 This is by large attributed to the presence of placental vascular anastomoses and associated complications such as twin-twin transfusion syndrome (TTTS), selective intrauterine growth restriction (sIUGR), and twin reversed arterial perfusion (TRAP). 2 In case of single twin death, the surviving co-twin is at higher risk of death (15%) and cerebral and other organ injuries (25%) due to the huge exsanguination through vascular anastomoses towards the deceased twin because of the blood gradient. 3 Selective fetal reduction is thus a management option for complicated MC twins, especially when the death of 1 twin is impending. Two techniques are often used to achieve the arrest of blood flow in umbilical cord, ie, bipolar cord occlusion and radiofrequency ablation (RFA). Unfortunately, the rate of fetal death after selective reduction may be as high as 20% in both
techniques, yet the preterm prelabor rupture of membranes (PPROM) rate after RFA is reportedly lower. 4 However, little is known about the risk factors for fetal death after selective fetal reduction. The association between perinatal variables and fetal death after selective reduction is investigated in several studies. 5, 6 Yinon et al 6 reported a longer RFA-to-delivery interval if the procedure was performed after 24 weeks' gestation, whereas Kumar et al 5 found no associated between the gestational age (GA) at RFA and the GA at birth. The conflicting findings in these studies may be explained by the small sample size and the difference in techniques used for selective reduction. The purpose of this study is to report on the prevalence of fetal death following RFA and to evaluate the perioperative factors associated to fetal death of the remaining twin following RFA in a large cohort of complicated MC twins.
| MATERIALS AND METHODS

| Study population
The Shanghai First Maternity and Infant Hospital functions as the regional referral center for prenatal diagnosis and fetal therapy. A retrospective review of our database was performed to retrieve the information on all consecutive MC twin pregnancies undergoing selective fetal reduction at Shanghai First Maternity and Infant Hospital from 2010 to 2016. This study was approved by the institutional ethical committee.
Only cases with complete data of prenatal care and pregnancy outcomes were included in this study. We excluded cases lost to follow up. Indications for RFA included TRAP sequence, dichorionic triamniotic triplets with an MC component, MC twins discordant for fetal anomalies, severe sIUGR, and TTTS. The diagnosis of TRAP was confirmed as the presence of inverse direction of blood flow in the aorta of the acardiac twin. 7 Selective intrauterine growth restriction was defined as an estimated fetal weight (EFW) of less than the 10th centile in 1 twin or an intertwin EFW discordance ≥25%. Estimated fetal weigh discordance was calculated as (EFW of the larger twin − EFW of the smaller twin) ÷ EFW of the larger twin × 100%.
Classification of sIUGR was based on the Doppler waveforms in the umbilical arteries as described by Gratacos et al. 8 Twin-twin transfusion syndrome was diagnosed based on the presence of a deepest vertical pocket of amniotic fluid in the donor ≤2 and ≥8 cm in the recipient before 20 weeks of gestation and ≥10 cm after 20 weeks.
9
The Quintero staging system was used to assess the severity of TTTS. 10 In addition to assessing the umbilical artery Doppler waveforms, other functional variables were measured to acquire a complete assessment of the fetal condition. These variables included the ductus venosus waveforms, the amniotic fluid volume, the peak systolic velocity of middle cerebral artery, and fetal hydrops.
| Selective reduction and technique
Parents were consulted regarding the fetal condition and potential managements in details. For TTTS, fetoscopic laser surgery was always the first treatment option offered. Selective reduction was considered in case of maternal factors, technical challenging, and severe fetal con- 
| Data collection and analysis
The following perinatal variables were retrieved, including maternal age, conception mode, cervical length at RFA, indications for RFA, GA at RFA, cycles of RFA coagulation required, maximal power at effective coagulation, duration of RFA, and pregnancy outcomes.
Pregnancy outcomes included post-RFA miscarriage before 24 weeks of gestation (including fetal loss due to PPROM), death of the remaining co-twin after 24 weeks of gestation, GA at the death of the remaining co-twin, termination of pregnancies, PPROM defined as the leakage of amniotic fluid prior to the onset of labor before 37 week, GA at PPROM, GA at delivery, birth weight, and neonatal death (within the first 28 days of postnatal life). Fetal death after RFA included the miscarriage, co-twin death after 24 weeks of gestation, and the termination of pregnancy due to post-RFA fetal complications and parents' choice. Survival rate was defined as survival beyond the first 28 days of postnatal life. A research nurse was appointed to record data on perioperative variables and pregnancy outcomes. For patients lost to follow-up, we tried to contact the referral physician to complete data collection. The primary outcome was the prevalence of fetal death of the remaining twin following RFA treatment. The secondary outcome was to assess the perioperative variables associated to fetal death after RFA.
| Statistics
The normality of continuous data was evaluated using the Shapiro- What's already known about this topic?
• The fetal death after radiofrequency ablation for complicated monochorionic twins is up to 20%.
What does this study add?
• The frequency of fetal death after radiofrequency ablation varies greatly among indications for radiofrequency ablation.
• The fetal death after radiofrequency ablation is associated with more cycles of ablation procedures. Table 1 . 
| DISCUSSION
This study aimed to report the clinical outcome of a large cohort of complicated MC twins managed with RFA and to identify the potential predictors of fetal death following RFA. This study shows that the frequency of fetal death after RFA is 23% and more than 2 cycles of RFA coagulation required was the only independent risk factor associated to fetal death after RFA.
Our outcomes of selective reduction using RFA are comparable with the data from other centers. The overall PPROM and survival in this cohort were 15% and 77%, respectively. In a recent systematic review, Gaerty et al 4 reported an overall rate of PPROM and survival following RFA in MC twins being 17.7% and 76.8%, respectively. A higher survival rate after RFA for sIUGR cases (83%) was reported in a previous study, yet the type of sIUGR was not reported, preventing further comparison. 12 In sIUGR cases managed with RFA, fetal death is nearly 3 times more likely to occur in the subgroup of sIUGR type III (56%) compared with that of sIUGR type II (23%). The ubiquitous presence of a large artery-to-artery anastomosis is supposed to be responsible for that observation. 8 The large artery-to-artery anastomosis, which remains patent, allows for acute blood loss from the remaining fetus to the reduced fetus, leading to poorer outcomes.
Our study further identified risk factors for fetal death following RFA. We found that more than 2 cycles of RFA coagulation is the only independent risk factor for fetal death after RFA. In MC twins, the fetal circulations are interdependent due to the vascular anastomoses, leading to the occurrence of intertwin hemodynamic alteration during RFA procedure. In the univariable analysis, gestation ≥20 weeks at RFA is related to the fetal death after RFA. At more advanced GA, the larger umbilical vessels may influence the efficacy of the ablation process. 6 Along those lines, more cycles of RFA coagulation may be required and possibly prolong the period of RFA process during which the remaining twin may hemodynamically deteriorate. Fetal death is also associated with indications such as sIUGR and TTTS in univariable analysis. It is putative that the post-RFA deterioration of the well-being of the remaining twin may be also associated with the preexisting fetal complication itself, such as the cardiac dysfunction of the recipient with TTTS and pump twin with TRAP. But our speculation should be confirmed in larger studies.
The main strength of this study is the relatively larger sample size, a standardized technique, and a single operator. However, there are several limitations in the present study. One is the relatively small sample size in each subgroup. This is reasonable given a single-center study and the rarity of these conditions. Another limitation is the potential selection bias. For example, the TTTS cases offered RFA may not be representative of the TTTS population elsewhere. Cases where RFA was considered may have been at increased risk of adverse outcome both for maternal or fetal reasons. In addition, our worse outcomes in sIUGR type III rather than type II may be explained by the presence of a large artery-to-artery anastomosis (required for type III sIUGR). If so, the detection of the large artery-to-artery anastomosis before operation may be helpful in selecting the right technique for selective reduction. Unfortunately, we were unable to detect the presence of large artery-to-artery anastomosis prior to the RFA in all cases due to the technical difficulties. A last limitation is that we do not have a long-term follow-up in our cases, which we are currently documenting. Previous studies 11 reported that severe impairment of neurodevelopment occurred in 2% to 5%. In conclusion, RFA is a relatively safe technique for selective reduction in complex MC twins. The cycles of RFA coagulation was the significant risk factor for postoperative fetal death.
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